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\ ABSTRAGCT

This program wes to obtain dats ea (o what degrss solar redistion
affsoted the breaking strength of vebbings sxpossd to natursl weathsr.
Four groups of webMngs wers svaluated for breaking strength after being
sxposed to natural wsather for specifio time intervals scocepassing ons
yser. The sxposurs sitea wers Wright-Patterson Air Foros Bass, Chis;
las Cruoea, New Maxico} and College, Alaska.

Data obtained indicsts *hat the servios 1ifs of ths pressat ty,
of rumvay barriers csn bo lncreased to 160 days 1n arsas of sxtremely
strong sunlight and to 360 days in ereas of moderste er mmall smounts

day
of sunlight by sithar owe of the following two methodss
1. By using 260 denier 17 filemsnt, Typs 300, OD color nylon
yorn 1n the manufacturs of ths webbing.
2i By using Type 330 nylon yarm 1n the manufscturs of the
wabbing.
’\ PUBLICATION REVIEW

This report has besn reviewed and is approved.

& A A

C. A, WILLIS
Chief, Textiles Eremch
Materisls latorstory

FOR THE COMAANDER
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1. INTRODUCTION
A, OBJECTIVE:

Tho purpose of this progrem is to dstsrnins what sffect solsr
radistion has on the breaking strength of nylon wsbbing (ss 1s used in
sircruft runwsy berrisrs) sftsr veing exposed outdoors for periocds of
15, 30, 45, 60, 90, 120, 180 and 30 days. This was accomplished by naturel
weather exposurs of wobbings marufactured from duPont Type 300 nylon yarn
untrssted and treated with ostschol formaldshyds. Msbbings manufsotured
from duPont Typs 330 nylon ysrn wars elso exposed. With ths nylom wsbbings,
an Orlon® wsbbing, untreatsd, wes tested simultansously to dotsruins tho
posaibility of ita use in sircraft runway barrlers, Tha objective of this
program 1s to provids dat~ for ths sslection of s bew typs ysrn or s treat-
sent on presently used wshbings which vill incresss ths servios 11fs of
sircraft rumiay barriers.

B, GENERAL INPORMATION:

Of 611 tho chemiosl and physical sgents of dateriorstion, sunlight
probably scoounts for ths enst widsspread degrudation of matsrisls acd
ecuipment subjected to nsturel westher. This is particularly trus of nylon
tertils materiels. With this being evident thers is an incressing nsed for
wobbings vith 8 longer srvios 1ifs to he used in sirersft runway herriers,
Previously ths initiel barrisrs wars constructed of ootton; lster, nylon
used 1n ths sctustor straps snd mildev-proofed ootton in ths liftsr streps.
Ths 1ifs sxpsctanoy of this type f barrisr was only 30 days under normel
veathsr conditions. Barrisrs currsntly being used by ths Air Fores ers
fabricated rros nylon webbing utilizing 210 denisr 34 filseent yarn sither
duPont Type 300 yarn or Chemstrsnd Type HB yarn, both yarm dyed OD color and
trested with an istant resin. A p test progrsn shoved
that s barrisr of ths current oonstruction has @ sarvios expiotanoy of
€0 days under normal weathsr conditions and 45 days undsr extrensly strong
ight. Ths results of thet progras era incorporsted in a Teohnl-al
Rots WCRT 54-249 entitled "Sunlight Exposurs of Nylen Wabbing™.

The prusnv. progran waa initisted by the Textilss Branch of ths
Materials L ts of Vright AMr De
Centar, to deisrmine Af s redisnt eoergy inhdbitor trestment on pn--nuy
uaed Typs 300 nylom or ths uss of dufont Type 330 yarn (oonisins a5 sdditive
whioh incressss the yarts rasistance to ultra violst degradation) in
ths wsbbings would incresss ths servios 1ifs of sircrsft rumwey barriers.
Prior to ths heginning of Lhs program s survey of ths availsvis radisnt
snargy inhibitors wes conducted. Ths results of thet survey ers repertad
in s Tschalcsl Memorsndum WCRT TM 56-24.

To asat ths objectivs of this progres, sisht conditions of
wsbhing using duPont Typs 300 yarn, four conditions of wshbing using du Pont

*0zlon - The trads mark for ths L. I. duPont da Nemours and Cospany
scrylio fiber.

Heruscript reslessed by suthor 1 May 1958 for publicstion ms s WADC Teehnicel Rsport.
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Type 330 yarn, end two Orlon webbinge were exposed to natural westher

for epecific periode of 15, 30, 45, 60, 90, 120, 180 and 360 daye. Exposures
wers conducted et three eitee; namaly, Wright-Petterson Air Farce Base, Ohlo;
Lae Crucee, Nev Mexico; and College, Aleske. After the sxposure pariode the
webbinge were tested to determine tha degres of breaking etrangth reteined.

origicsl teet data ar in Materiale 1 7
Project Rocord. Dotk No. 17323, pages 1 through 44.

1I. PROCEDURE
4, DESCRIPTION OF WEBBING:

The nylon v.hbi.n.. wcre oocatructed and woven in ecoordance
with Spocl.ﬂuuan MIL-W-4088B, Type XIX with the excoption that the yern
o1z= used wee 260/17 (d-:lcr -nd Tilament). At the time thie program wes
planned it seemed advieshls to use thie yarn eles ee the yarn manufecturer
implied that the 260/17 nylon yern would be evsileble in both the Type 300
and 330 for production jurpces

2, DuPont Typo 30C 1e o contionous filement, bigh tenscity
bright yarn. Thelr Typs 330 u  contimous filament high temscity bright
yarn whish exhibits grester hest durability and reeietance to ultre-viclet
Gogrsdation than doss tho Type 300.

3. The Orlon wubblag ves designed to heve e 4500 pound minimm
breaking etrength.

4. Saople identificetion and couditlone of webblng used ere
presented in Appendix I, Tehle I.

B, EXPQSURE SITES AND EXPGSURE DATE:

The exposure eites were eslected to prav!dn . vido wariety of
amounte of eoler It le
oondition ee arotio, temperste, dessrt, mpuu ané .nnmlul
Atmoepherio sonditions aleo may be clessified &8 urben or rural, The
exnosure eites used for thie program were ss followe:

Site A. Deytom, Obio. The facilities of the Metarisle laboretory,
Wright-Pattarevn Mr Force Baee ware uaed et thie locaticn. The epeclmene
expossd ot thie elte were monitored by Textiles Branch, Wright-Patterson

Air Toroe Base, which mey be claesified ee tscperete, urban, and e loceted
40° rorth letitude, 84 weet longitude.

Site B. lae Cruces, Nev Kexico. The fecilitles uf tbe ¥ev Mesico
State College were utilised ot ihis 1 and of the

were moniiured Gy the Department of Mecbanicsl Englosaring. Thie elte may
be oleseified s deseri, rural, and 1e locsted 322 oorth letitude, 106° weet
longitule.

WADG TR 58-201 2




S54its C. College, Aleske, The fecilitise of the University of
Aleske wsre utilized et this locetion and exposurs of the specimsne vere
monitored by ths Depariment of Chemistry. Thia site may be cleseifiled
sub-sretic, rural, and 1o located 659 morth Istitude, 148° vest longitu

Ti:s sxposurs dste for all three sitss wee ths sams—-October 1955
to Cctober 1956.

C. EXPOSUHE OF SPECIMENSs

Exposure recke et bullt eo that whsn the wsbbing spscirens were
inetalled thsy wnuld te et e 450 angle to ground level, facing south, and in
such o mannsr that the oenter % inohss was exposed to ths sun'e rags. Once
tha specimens wsre festaned to the recke they vers not turnsd over or
dieturbed until thair epscifio exposure period bad erded and it wae time
for their removal.

D. MEASUREMENT OF SOLAR RADIATION:

The totsl deily redietion in Langlsys (gram calori
contimster) wee recorded by tha use of e pyrhaliomster. The -ppronmta
total dosegs for sech exposure period is ehown in Appendix 1, Tsble II.

The dsta ehown ere the total recietion or an 18" x 1-3/4" spacinen baving an
eres of 203.23 squere centineters, Estimaisd totals ware calouleted and
substituted for ths following daya and eites when the pyrhaliomster wae out
of opsretion.

Wright-Patterson Alr Force Dees, (bio: 9-30 November 1955,
1-12 and 25-31 Deoewber 1955, 1-5 Jenuary 1956.

lae Cruees, New Mexico: 30 Jenuary 195.

Collegs, Alsske: 27, 28 and 31 October 1955, 1 Novambsr 1955,
10-31 December 1955, 1-3, 5 azd 30 January 1956.

£, STANDARD CONDITIONING:

Upon complstion of the outdoor u-.tnutng pericds the specimens
alloved to condﬂinn for e minfmum of 24 hours et etandard conditione,
(1.e., etmoephers heving e reletivs humidity of £5% :2% and  tempereturs of
05T 329F) before tasting.

¥. BREAKING STRENGTH:

After the exposure periode and etsndard conditioning the -p-au-m
yere t-.m for breaking strength ueing e Tinius Olsen Tester with

000 pound capacity ecale. This tasting machine e celibreted .nnu-n.y
-mx is rated ba an ecouraoy of within 1/2 of 1%. Ths jew eeparetion
speed used wes four inches per minute under no loed. Appenddx I, Tzble III,
liete the eversgs btreaking strength for 10 specimens per condition per
sxposure piriocd per eits. Computetione of peroent strength retention versus
mamber of daye expoesd ere aleo shown in this teble.

WADC TR 58-201 3




G. TABLES AND FIGURES:

Teble 1 1iete the samole pumbere sud the identity of the webbing
aseigned to cach sample mumber. Reference toc the esmple numbers only will
frequently bo found throughout thie report.

Teble 11 ehows the amount of langleys measured et the various
exposure aiisa for the exposure periocds shown. The total mumher of Langleye
per sample are aleo shown,

Teble III pr the epecifio strongth gee azd tbe
apscific apount of etrengtb retention (by percent) of the wehbing easples
aftar waposure.

Figures 1 ihrough 14 are e o graghioal pressnteiinn of the bresking
atrength versus nomber of daye expoeed obtained from the deta preseated in
Teble III.

Figures 15 through 20 are a grepuicel presemtetion for the
comparieon cf various sasplea after sxposure to ecusl smounts of eclar redistion.
Flotting points were ohtained from data ehown in Tables XI azd III

III. DISCUSSION OF WEEBING WEAVE

4. The nylon webbing used in this program wee voven in ecnordsnce with
the wesve disgraw for Type XIX of Specificstinn MIL-W-4088B. Thie typs of
wesve expoees all of ths warp yarns to both the face and heck surfeosa of tbe
webbing. ALl webbings used by the 4ir Force do not utiliee this uvsave. Rz
example, wehbinge manufactursd under Speoification MIL-W-5625 utilies a tubular
wesve and some webbings such ee Type I and Type IIIX wnder Speoification
MIL-%-4088C utilies a double plain werwe with binders. All of the warp yarme
in theees webbings are not expéeed to both eidea of the wehbing, i.e,, warp
yarne wesving oe the fuocs surface 4o not weave on the back surface. This meaus
that half the total mmber of warp yarns are exposed ou one eurface of thbe
webbing only, the other half are axpoeed om ihs oppoeita surf only.
Conesquently direct sunlight would affeot only the jarns sxposed to the
webbing surfece fecing the sunlight.

B, Inasmuch s the wvarp yarns are the load besring yarcs in Q webbing
one can readily underatand tho importanos of the webbing wesve as affecting
the lose in hroaking .crutn nn- to direst -muun degradation. With thie
in 3ind, the lose data pr in this Teport
i1e not cppliuh\c to ID. nylom \nbb!n‘t- Only the Type XIIX Specificatiom
MIL-W-40B8 woven from s mew type yarn snd/or irested with s mmlight imhibitor
bss been evalusted.

Iv¥. DISCUSSION OF RESULTS

A. The bresking etramgth data pressoted in Table II ebowe that eome of
the wabbinge afisr sxposure heve s higher h'o‘kin‘ o‘ron‘th than the unexpceed
webbings whioh were ul'd as the sootrol Thie oem immedial
difricult to underetand, therafors, it thonld ha noted thl‘ 5-10’ varistion
in the breaking strengthe of webbing samples suoh as were used in thie etudy
1e not uncommon,

WiDC TR 58-201 4



B. Table IT showe that the lsrgest amount of solar redistion {Langlays)
was racordsd st Site B (Naw ¥asioo)., Of all thr. cura sitss tha wabbin,
sxposed st Sita B showed the lasst amount of strengih retsntion eftsr sxposurs.
This wea svident regerdlass of tha type of yarn, eolor, conditisn or treatment
of the wabbing used. kefersnca: Figurss 1-12.

C. Of all the wabbings evilusted tha samplas sade from Typs 300 lvlon
yern, nstural color, Gondition U snd K ehowsd ths most etrength loss aft
sxposurs. Thia wae evidont st all thres sxpos aitss. Rafarancsi ugune
1 and 3. When ths samplss of this wabtbing wera woven withk tbs Typs 330 nylen
yarn or tresatad with cstachcl rormaldshyds s substantial increass in strangth
retention eftar axposurs was olserly noticeablas. This inoreass in strength
ratention wes characteristic of thess ssmplss at all sxposurs sitss.
Referenca: Figuree 2, 4, 9 and 10,

D. Thers are no natural oolored nylon webbings used in siroraft overrun
barrisrs by ths Alr Forca. For barrier uss ths wabbings srs olive drab in
color, Condition R treated, utilizing the Typs 300 nylon yern. Couparing
Figurs 7 with Figurs 3 and Sarpla No. 7 with Sampla No. 3 shown in
Figurss 15 through 20 ths sdvantags of using aliva drab oolor webbing inatssd
of nstursl colorsd nylon wabbings is clearly shown.

S, When ths vasbbing such ss Sanple No. 7 was trasted with ostechol
forualdshyds or nado fron the Type 3% nylon yarn (Refersncs: Tabls I,
Samples 8 and 12) thars wes s very ssall increass in strength ratantion
notiosd. It sppsars thet the inoreass im strength retention for thass uamplas
is not sufficlent enough to wervant the uss of catachol formaldehyds or tha
Tyne 330 nylon yarr for vabbings which will be used in tha olive drab color
with Condition R troatment. Rafsrance: Figuras 7, 8 and 12, and Samples No. 7,
8 and 12, shown in Figurss 16, 18 and 20.

F. Figures 13 and 14 show that tha two Orlon wabbings exbibit good
resistanca to westhering, tut ths tanscity of oontinuous filament Orlon baing
only 4=5 grams per denler pravents its uss for runway barrisr wabbings.

V. CUNCLUSIONS

A, From tha dste obtained ths following gensralizea conclusions osn
be mads.
1. Nstural color nylon wabbings mads from Typs 300 yarn sad without
treatment of any kind havs poor strength ratenmtion after sxposurs to solar
redistion.

Typs 330 nylon yern is superior in r. sncs to sunlight

degrldntion “than 1s the Typs 300 nylon yarn.

3. Catachol formaldshyds is s utilflctory sunlight inhibitor for

nylon wabblngs mids from Typs 300 yarn, and shows to be mors effestivs on
the putural color nylon wsbbings then ths OD color m.on wabbings.

WADC TR 58-201 5



4+ Nylon webbings in an olive dreb color heve considerably less
degredation after exposure io sol.r redistion than nylon wobbings in the
natural oolor.

5. Wsbbinge mmde fros continuoue filament Orlom yarn have very
good real to sunlight deg .

B. Based upon the resulte obtained from the webbings tested in this
program 1t 1s ooncluded that the esrvioe 1ife of the preeant type of runway
barriers (0D color Gondition R) can he incressed to 180 days in eresa of
extrenaly strong sunlight and to 360 deys in arses of moderete or cmall
amounts of sunlight by either ons of the following two sethode:

1. By the use of aso denier 17 filsment, Type 300 nyloan yarn
in the manufsoture of the webl

2. By the use of Type 330 mylon yern in the manufeoture of the

veboing.
C. Tus Orlon webbing showed good resi to sunlight deg 1
througih the 360 day exposure period, bat she E. 1. duPont de Nemoure snd

Company hes served motloe that they have discontinued the production of the
continuous filsment yuwrn as was ussd in this program. Due to the poor
obrollon resistance of the Orlon webbing and the faot thst up to date there
Do known sbresion resistant trestment that oar bs epplied to Orlon webbing,
o.nu fiber doss not eppesr to he suiteble for use in ciroraft runway barriera,

WADC TR 58~201 6



Sample Type, Color, nnd Condition
Numboep

AFPRNDIK I
TARE I

SAMPLE IDENTIFICATION

Site & Jegple
wabb Wov. 00 Yern
2 XIX, Naturel, Condition-Ue a4, m, 6
2 XIX, NAtursl, Conditlon-Uf trestod with cetechol formaldenyte 42, R, €2
3 XIX, Netural, Conditlon-F** 43, B3, <3
4 XIX, Netural, Conditico-Rf*trested with cetechol formldehyde Ay, B, C)
5 XIX, Olive Dreb, Condition-U* A5, E5, €5
6 XIX, Olive Dred, Condition-UJ trested with eatechol formaldehyde A6, B6, C6
7 XXX, Olive Dreb, Condition-R** AT, B7, CT
8 XIX, Clive Drab, Condi tion-R#*rected with cetechol formaldchyde A8, BS, c@
Noven frem T. 0_¥a
5 XIX, Natursl, Condition-U® A9, B9, C9
10 XIX, Naturel, ConditionR"* Al0, ELO, C10
n XIX, Olive Drab, Condition-U® aa, m@ml, cn
12 XIX, Olive Drab, Condition-R°* 32, m2, 012
Webbinge ¥oven from O )
13 4500 pound, Netural, Condition-U” A13, HR3, €13
u 4500 pound, Dope Dyed Hleck, Condition-U* ALy, B, €14

* Not trested for sbrasion
** Treonted fOr nbresion reefetance

WADC TR 58-201 7



APPENDEX Y
TARLE IT
EXPOSURE IN LANGLEYS

———————
2
Om Cal/em Total Langleye
Per Specimen
Exp site Site S1te Site
Pertod 4 a c [
¢ . ; 4 " &
15 daye 52148 9.728 La543 | 105 x 10 198 x 10 31 x 1
30 days 9975 | 19,452 3.093 203 x IOA 3% x 10" 63 x 10t

2% x 20" | 5682100 | 102 g 3ot
37 . 10t 726 x .lol‘ . l20x u:uA
5182 16* | 1089 2 10b | 127 4 10t
627230 | 335 x20% | 160 y 104
769 x 20% | 2665 x 1% | 238 x 10b

2589 x 104 | 4304 x mA 2296 x 10*

45 anye o486 28,930 1 5,042
60 daye 18:435| 35,722 S$a900
90 daye 25a475 [ 52,620 | 6,27
126 daye 30833 65,720 | 7,897
180 daye 37891 81,930 | 11,730
360 deys 127,430 | 231,778 132,979

* Lengleys

WADC TR 58201 8
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